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Abstract 
Energy security is strongly related to energy and climate policies. Understanding of energy security implications is 
critically important for shaping policy measures. This study presents the future energy security assessment in 
Thailand under three energy scenarios. The assessment was based on the use of energy security indicators to track the 
impact of changes in the energy system under different energy scenarios for the period 2012–2030. These indicators 
were clustered into four groups, including energy demand, diversification of energy supply resources, environmental 
dimension, and energy market. The three scenarios were derived from published data. The analysis suggests that 
Thailand needs to develop specific policy measures to enhance energy security in terms of energy market dimension 
and to pay more attention in national energy efficiency and total CO2 emissions to maintain the economic growth. 
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1. Introduction 
Many countries consider energy security as equivalent to national security because of its influence on 
national autonomy and development goal. Energy security has been integrated into a major part of energy 
policy. It is generally accepted that energy security is strongly related to other policies as well, for 
example environmental and climate policies. The formulation of energy security policy is often based on 
energy supply sources. However, other dimensions of the energy systems may not take into consideration. 
This implies the importance of assessing energy security consequences of energy development pathways. 
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Thailand imports approximately 60% of total primary energy supply in 2013. Oil and natural gas account 
for 76% of primary energy supply and 68% of final energy consumption. This high import dependency 
and low fuel diversity leaves the country vulnerable in terms of energy security. 
A number of potential energy development pathways exist to enhance energy security in Thailand, but 
most of these pathways would entail a considerable commitment in time and funds. Scientific support 
would be a great value in facilitating decision-making. In addition, concerns about climate change have 
become an additional factor in energy policy because the energy use and conversion processes are key 
components for addressing climate change. Direct physical impacts of climate change are likely to affect 
the energy infrastructures that lead to the risk of energy security. Diversification of energy supplies to 
enhance energy security could have a bearing on the climate protection. Therefore, understanding the 
energy security implications of energy and climate policies is critically important for anticipating the 
degree of support from all level of the society. 
The definition of energy security varies from place to place and time to time. Generally, energy 
security can be defined as how to equitably provide available, affordable, reliable, efficient, 
environmentally friendly, and socially acceptable energy services to end-users. Energy security studies 
typically focus on the security of energy supply. Some energy security studies focus on a particular sector 
(e.g. industrial or power sector) or a specific technology (e.g. nuclear security) [1]. Some studies provide 
generic approaches to evaluate historical energy security based on several indicators or combined into a 
single indicator, such as [2–7]. In Thailand, a little effort to date has been assessed to quantify the energy 
security performance. There are a small number of existing energy security assessment studies, and few 
attempts have been made to compare future energy security performance. Only few studies deal with an 
assessment of long-term energy security performance, for example [6,8,9]. As a result, the objective of 
this paper is to assess Thailand’s energy security performance of three energy scenarios. The method used 
in this study can also be applied for analysis of national energy security in other countries and could be 
applied for provincial level, if relevant data are available. 
2. Methodology 
There are no standard metrics to assess energy security. In literature, comprehensive reviews of energy 
security studies were conducted and found that energy security can be measured by means of indicators 
[1,7,10,11,12]. Indicators are the most widely used to assess energy security performance. However, more 
indicators do not guarantee that it is a better tool, because some indicators are variants of one another. 
They represent different meaning at the same information. They could also lead to double counting. On 
the other hand, trying to assess energy security by using single metric provides an incomplete and 
possibly misleading assessment. This study follows the assessment framework developed by [6,7]. 
Furthermore, this study analyzes the energy security implications of energy policy. The assessment was 
based on a combination of quantitative and qualitative analysis. For quantitative analysis, the 
methodology relied on the use of indicators to track the changes in three energy scenarios. For qualitative 
method, the implications of energy security scenarios were analyzed. 
Following common definition of energy security [10,12], indicators were identified and selected to 
quantify the energy security performance. In fact, many energy security indicators have been developed 
and proposed in previous studies. However, a small number of indicators can be used for assessing energy 
security performance under long-term energy scenarios. The indicators were selected based on four 
criteria: (1) relevant to current energy security concerns; (2) sufficiently apply to energy scenarios; (3) 
possible to calculate from available data; and (4) able to provide information for policy analysis. This 
resulted in nine indicators, which can be clustered into four major dimensions: energy demand; energy 
supply resources; environmental concerns; and energy market. Table 1 provides information about the 
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nine indicators used in this study. The clustered groups of indicators reflect the energy security 
performance of the overall energy system from the generation, conversion and utilization. 
 
Table 1. Clustered groups and indicators for assessment 
Dimension Indicator Equation 
1. Energy demand 1. Energy intensity (EI) (kgoe/1,000 Thai Baht) EI = TPES
GDP
 
TPES = Total primary energy supply (Mtoe) 
GDP = Gross Domestic Product (Thai Baht) 
2. Energy use per capita (Mtoe/Capita) Energy /Cap. = TPES
Population
 
3. Oil use per capita (Mtoe/Capita) 
Oil /Cap. =
Oil Consumption
Population
 
2. Diversification of 
energy supply resources 
4. Shannon-Wiener Index (SWI) ¦ u )( ii SLnSSWI  
Si= Share of fuel i in total primary energy 
supply (%) 
 
 
 
 
 
5. Non carbon incentive fuel portfolio (NCFP) 
(%) 
NCFP = (HydroPED)+ (REPED)+ (NuclearPED)
TPED
 
 
PED = Primary energy demand (Mtoe) 
Hydro = Hydro power 
RE = Renewable energy 
Nuclear = Nuclear power 
TPED = Total primary energy demand (Mtoe) 
3. Environmental 
dimension 
6. Total CO2 emissions (tCO2) ¦
 
u 
n
i
ii ECEFCO
1
2
 
EFi= Emission factors of fossil fuel type i 
(tCO2/TJ) 
ECi = Energy use of fossil fuel type i (TJ) 
7. CO2 emissions per capita (tCO2/Capita) 
CO2 /Cap. =
Total CO2 Emissions
Population
 
 
 
4. Energy market 
8. Energy import (Mtoe) ¦ n
i
i TPESIMportEnergy /Im
 
IMi= Import of energy type i (Mtoe) 
 9. Net energy import dependency (NEID) (%) 
¦
¦ 
i ii
i iii
pp
ppm
NEID
ln
ln  
mi = Share in net imports of energy type i (%) 
pi = Share in total primary energy supply of 
energy type i (%) 
 
Energy scenarios help to explore the possible pathways and the available options with different 
potentials. The energy scenario inputs in this paper are the Business-as-Usual (BAU) [13], the Low 
Carbon Society (LCS) [14] and the High Economic Growth (HEG) [9]. These energy scenarios provide 
detailed quantification of the energy system developments. They enable to apply indicators for assessing 
future energy security performance. The BAU scenario presents the projections of energy demand and 
supply using APERC’s model [13]. The LCS scenario applies the Extended Snapshot Tool for energy 
projections and analyses policy measures. This scenario focuses on pathway to achieve low-carbon 
society [14]. The HEG scenario represents the high economic growth using MARKAL (MARKet 
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Allocation) model [9]. Results from these energy scenarios are used to calculate the energy security 
indicators during 2012–2030. Due to different units of indicators, data are converted into ordinal values 
from the raw data of nine indicators. The indicators are made in a monotonic transformation. The scoring 
range is scaled from 1 to 10. Equal weights are given to the indicators. A higher score means a better 
energy security situation. The scoring for the specific year simply reflects dynamic changes in energy 
security status, indicating whether the situation has improved or deteriorated.    
3. Results and discussion 
This study presents how energy security performance in Thailand would change under three energy 
scenarios. To quantitatively measure the energy security situation, ordinal values are converted from 
indicators under four clustered groups: the energy demand (three indicators); the energy supply (one 
indicator); the environmental dimension (three indicators); and the energy market (two indicators) for the 
end year (2030) of investigation. The indicators used in this study are not claimed to be the best, but they 
are the most suitable key indicators considering the limited data available for assessing Thailand’s energy 
security performance. Fig 1 shows the energy security situation in 2030 for each scenario compared with 
2012, as the base year. It reflects how the energy security would improve in four dimensions. A score of 
10 presents high-energy security performance. The indicators are calculated based on outputs of three 
scenarios for 2030 and compared with data in 2012. To track changes in energy security performance 
over time, Fig 2 presents percentage changes of energy security indicators in 2030 for the three scenarios.    
 
 
 
Fig. 1. Energy security performance in 2030 of three energy scenarios. 
 
The analysis shows that in the BAU scenario, there is an improvement in energy security performance 
in most dimensions. The LCS scenario shows high potential improvements in three dimensions. In 
particular, the diversification of energy supply resources (SWI) shows the highest improvement as 
compared with other scenarios. The HEG scenario shows a little improvement in all dimensions. This 
scenario indicates the high energy use per capita, total CO2 emissions and high imported energy.      
 The energy demand dimension is represented in terms of energy intensity, energy use per capita and 
oil use per capita. During the period 2012–2030, the energy intensity in BAU will reduce by 9.5% while 
LCS and HEG scenarios will increase by 25% and 23.5%, respectively. Energy use per capita and oil use 
per capita will increase in all scenarios. The HEG scenario will significantly increase in both energy use 
and oil use due to high energy demand for driving economic growth. 
 SWI index is used to measure the energy resource diversification. Higher value of SWI represents a 
more diversification of energy resource mix. In this study, the energy resource is based on six fuel types: 
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oil, natural gas, coal, hydro, renewable energy, and nuclear (the maximum SWI is 1.79). The maximum 
SWI means there is equal share of all type of fuels. LCS scenario presents an improvement in energy 
resource diversification of 13.9% in 2030 due to increasing share of renewable energy and reducing share 
of oil and natural gas in primary energy supply. BAU scenario also shows an improvement in SWI of 
6.6%, while HEG scenario provides a steady SWI in 2030 compared to 2012. 
 
 
Fig. 2. Percentage change of energy security indicators in 2030 compared with 2012 for the three scenarios. 
 
 Indicators under the environmental dimension are NCFP, total CO2 emissions and CO2 emissions per 
capita. A high NCFP reflects a greater potential of environmental improvement. In LCS scenario, NCFP 
would significantly increase to 52% in 2030, while NCFP in BAU scenario would be increased by 11.5%. 
In HEG scenario, NCFP would be reduced by 22.4%. Total CO2 emissions and CO2 emissions per capita 
will be increased in all scenarios. Even in LCS scenario shows an increase in NCFP but it will lead to an 
increase in total CO2 emissions by 29% in 2030, as compared to 2012. This implies that strengthen the 
energy efficiency improvements and switching to low-carbon fuels are important measures for policy 
formulation. 
 In terms of energy market, NEID is commonly used indicator which is defined as net energy imports 
as a percentage share of TPES. A high value of NEID represents low energy security. All scenarios show 
an increased trend of NEID. There are similar trends in energy import. HEG scenario has the highest 
increased NEID and energy import. This scenario also presents high dependence on imported energy that 
could be influenced by the fluctuation of international demand, prices, and regional politics. 
 The policy implications from analyses long-term energy security performance suggest that energy 
security is not one-dimensional issue. It should address other dimensions, such as energy resource 
diversification, environmental sustainability, and market. Energy security evolves with the dynamic 
changes of the energy supplies, energy technologies and energy markets [15]. Focusing on energy 
security as multi-dimensional issues helps to move away from narrow depictions. Thus, national energy 
approaches and policies will need to recalibrate to accommodate the multi-dimensional issues and 
dynamic changes of energy systems. The energy policy design has to transcend the traditional desire of 
ensuring a sufficient and stable energy supply. Thailand will need to develop specific policy measures to 
enhance energy security in terms of energy market dimension and to pay more attention in national 
energy efficiency and CO2 emission reductions. This study strongly suggests that energy security analysis 
should be extended beyond traditional themes of oil and natural gas supplies to incorporate emergent 
areas of importance. It will lead to new opportunities in shaping energy policy measures.  
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4. Conclusion 
Energy security is a complex issue because of its multi-dimensional issues. This study presents the 
quantitative assessment of energy security performance under three energy scenarios in Thailand. The 
assessment was based on the use of nine energy security indicators to track the impact of changes in the 
energy system. These indicators cover four dimensions of energy security definition. The results indicate 
that the BAU scenario shows improvement in most dimensions, while the HEG scenario will provide 
little improvement. The LCS scenario shows high improvement in the diversification of energy supply 
resources. Assessing energy security performance can inform energy policy and build institutional 
capacity. It is clear that energy security index helps identify tradeoffs within the different dimensions of 
energy security and areas needed for improvement. 
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